The MR appearance of the corpus callosum was investigated in 80 normal volunteers. Normal variations in appearance were recorded with regard to age, gender, and handedness. The MR studies of 47 patients with a wide spectrum of callosal disease were also reviewed. Abnormalities included trauma, neoplasia, congenital abnormalities, vascular lesions, and demyelinating and inflammatory conditions. The information provided by MR was compared with that obtained from other radiographic examinations, particularly CT and angiography. In all cases MR provided as much, and frequently more, information than was obtained by other imaging techniques.
The MR appearance of the corpus callosum was investigated in 80 normal volunteers. Normal variations in appearance were recorded with regard to age, gender, and handedness. The MR studies of 47 patients with a wide spectrum of callosal disease were also reviewed. Abnormalities included trauma, neoplasia, congenital abnormalities, vascular lesions, and demyelinating and inflammatory conditions. The information provided by MR was compared with that obtained from other radiographic examinations, particularly CT and angiography. In all cases MR provided as much, and frequently more, information than was obtained by other imaging techniques.
We believe that MR should be the primary imaging technique for the evaluation of corpus callosal disease.
Numerous imaging techniques have been used in the evaluation of the corpus callosum (CC) . Although CT has been the technique used most widely, it does not portray optimally the three-dimensional anatomic relationships of the CC on routine axial images. High-quality reformatted images require thin, contiguous or overlapping sections, which increase both radiation exposure and scanning time .
MR has proved valuable for evaluating the CNS. The sensitivity of MR permits recognition of disease processes not seen with other imaging methods . Its multiplanar capabilities permit direct imaging of structures in lieu of reformatted images. To assess the normal appearance of the CC on MR and the value of MR in the evaluation of callosal disease, we prospectively imaged 80 normal volunteers and retrospectively reviewed the MR studies of 50 patients with CNS disease involving the corpus callosum.
Subjects and Methods
MR studies were performed on Picker 0.5-T and General Electric 1.5-T superconducting magnets. Eighty healthy volunteers 19-40 years old (20 male and 20 female righthanders and 20 male and 20 female lefthanders) underwent midsagittal MR scanning with an inversionrecovery (IR) pulse sequence, 1600/600/40 (TRfTlfTE). Handedness was studied in each individual with the Oldfield Questionnaire, a standardized and validated instrument for the study of handedness (adapted from [1 J). The outlines of the cerebral hemisphere and CC were traced directly from scans. The maximal anteroposterior length of the CC was measured and divided into quartiles (Fig . 1) . The anterior quartile corresponded to the head and genu , the second and third quartiles to the body, and the posterior quartile to the splenium . Area measurements were made with a digitizer pad and computer. All measurements were made without knowledge of gender or handedness . All measurements were performed three times and a mean was calculated for use in analysis. Data were analyzed by a standard computer statistical program : The following area ratios were calcu lated and analyzed: CC/brain , splenium/brain , first quartile/CC, body/CC , and splenium/CC . The MR scans of 47 patients with various CC abnormalities were reviewed retrospectively. A variety of pulse sequences and imaging planes were used . T1-weighted sagittal images were frequently available as IR , 1600/600/40, or short spin-echo (SE) , 400/40 (TRfTE), pilot sequences. Transverse and coronal images of varying sequences were also obtained .
• ANOVA. 
Results

Normal Anatomy
The ratios of CC/brain and splenium/brain revealed no significant differences among the four subgroups of normals in relation to gender and handedness. Significant differences were found in the ratios of callosal quartiles to the entire callosal area. The calculated means of the ratios used in analysis are presented in Table 1 . Examples of normal sagittal and coronary anatomy are presented in Figures 2 and 3 , respectively.
Pathology
Trauma.-Injury to the CC was identified in 16 patients. In 14 patients, the involvement was nonhemorrhagic and presumably reflected diffuse axonal injury. Unenhanced CT scans were obtained in all patients on the day of admission. Abnormalities of the CC were not appreciated in any of these patients on the basis of the CT scan, but were clearly identified on MR performed within an average of 5 days of admission (range, 1-19 days) (Fig. 4) . The remaining two trauma patients had hemorrhagic injury of the CC . CT scans were obtained in both. Although hemorrhage was identified on CT in both, MR delineated the CC involvement better than CT did (Fig. 5) . The splenium was involved most often, followed by the body and genu . These patients are presented in more detail in a separate report.
Neoplasia.-The second largest category of disease was neoplastic involvement of the CC (Fig. 6 ). Thirteen cases were reviewed. CSF cytology identified a glioma in one patient; the other patients had biopsy-proved astrocytomas. MR routinely surpassed CT in the demonstration of neoplastic involvement of the CC. T2-weighted (long TR/long TE) SE pulse sequences were the most sensitive for detecting lesions. Differentiation of neoplasia from surrounding edema was difficult.
Congenital abnormalities .-Eleven congenital anomalies involving the CC were evaluated, including complete and partial A, Unenhanced, 8-mm-thick CT scan at admission reveals no abnormality at level of splenium.
B, T1-weighted, 10-mm-thick axial IR image, 2100/600/40, reveals low-intensity signal in splenium (arrows). Also note right frontal lobe hematoma (large arrowheads) and small right occipital subdural hematoma (small arrow· heads).
C and 0, T2-weighted, 10-mm-thick axial (C) and coronal (D) SE images, 2300/80, reveal increased signal intensity in splenium (black ar· rows). Again note right frontal hematoma (large arrowheads) and right occipital subdural hematoma (small arrowheads). Fluid in left mastoid air cells is seen in 0 (white arrows). C, T2-weighted, 10-mm-thick axial SE image, 2300/80, reveals markedly abnormal signal intensity in splenium (arrows) and right hemispheric white matter. Differentiation between tumor and edema is not possible.
MR OF CORPUS
D, Posttherapy T1-weighted, 5-mm-thick midsagittal SE scan, 400/40, reveals normal signal intensity of splenium.
B, T1-weighted, 5-mm-thick midsagittal SE image, 500/40, shows agenesis of splenium and posterior one-half of body of corpus callosum. Anterior body and genu appear poorly developed (arrows) . Also note abnormalities of posterior fossa structures and marked enlargement of diploic space.
C, T2-weighted, 10-mm-thick coronal SE image, 2300/80, reveals only thin band of fibers composing body of corpus callosum (arrows). 
arrows). Clip artifact (arrowheads).
B, 3 months after aneurysm rupture. Highintensity signal abnormality has resolved. There is marked thinning of corpus callosum, probably due to atrophy or less likely to hydrocephalus.
A agenesis (Fig. 7) and lipomas (Fig . 8) . CT was performed in eight of the 11 cases. However, the direct sagittal and coronal imaging capabilities of MR more readily demonstrated these midline abnormalities. In agenesis, the sagittal MR images clearly demonstrated the absent CC and the abnormal configuration of gyri and sulci (Fig. 7) . Lipomas had a characteristic high-intensity signal on T1-weighted sequences.
Vascular lesions.-Three patients in our series had CC involvement from "vascular" lesions. One patient had hemorrhage into the CC resulting from aneurysm rupture (Fig . 9) . The other two patients had CC involvement from cerebral infarction (Fig. 10) . All patients underwent both CT and MR evaluations, in that order. T2-weighted MR demonstrated areas of infarction with more sensitivity than CT did.
Demyelinating conditions.-Multiple sclerosis (MS) plaques were easily identified on MR (Fig. 11) . The lesions presented as foci of increased signal intensity on T2-weighted images. Of the 156 patients with MS we examined, only three had B evidence of involvement of the CC. CT, performed in two of these patients, failed to demonstrate a lesion of the CC.
Inflammatory lesions .-Of 11 patients with the diagnosis of encephalitis who were evaluated with MR , only one patient had visible involvement of the CC (Fig. 12) . Inflammatory changes involved both white and gray matter in all patients; these were manifested by increased signal intensity on T2-weighted images.
Discussion
Normal Anatomy
There is preliminary evidence that the CC may carry a different number of fibers in males and females and in rightas opposed to lefthanders [2 , 3] . This is an important issue, because, if those data are correct, they would constitute powerful evidence for different brain organization in relation AJNR :9, July/August 1988 A 8 A 8
to gender and cerebral dominance. A significant difference has been found in total callosal area in relation to handedness in autopsy studies; lefthanders have a larger callosal area than righthanders [2] . The size and shape of the splenium has been found to vary between male and female autopsy specimens ; the female splenium is wider and more bulbous than that of the male [3] . Because MR allows for the visualization and accurate measurement of midline sagittal structures , it is an accurate reflection of in vivo anatomy. Our MR studies show that the corpora of males and females have significantly different configurations . These variations probably represent small, but reliable differences in the distribution of fibers within the corpora of males and females. These data provide additional evidence that brain organization differs in relation to gender and are in concordance with the autopsy findings of DeLacoste-Utamsing and Holloway [3] . However, our data do not agree with the findings of Witelson [2] , as we found significant differences only in callosal configuration and not in overall callosal size.
Pathology
Trauma .-Nonhemorrhagic and hemorrhage changes in the brain associated with trauma often result from diffuse axonal A, Contrast-enhanced, 8-mm-thick CT scan reveals multiple areas of low attenuation and suggests involvement of splenium.
B, T2-weighted, 10-mm-thick axial SE scan, 2300/80, more clearly shows involvement of splenium (arrows). A, T1-weighted, 10-mm-thick axial IR image, 2100/600/40, shows low-intensity signal in region of right side of splenium (arrow) .
B, T2-weighted, 10-mm-thick axial SE image, 2300/80, reveals high signal intensity, typical of MS plaque (arrow).
injury [4] . Biomechanics investigators suspect axonal disruption is due to shear strains induced during angular acceleration of the brain [5] . The signal characteristics are those of increased tissue water, suggesting edema resulting from axonal disruption. These findings are appreciated better on MR than on CT [6, 7] . Our experience certainly agrees with this, as the nonhemorrhagic shear injury changes were much less evident on unenhanced CT of our patients.
Subacute hemorrhage is known for its MR characteristics of high signal intensity on both T1-and T2-weighted imaging [8] . Hemorrhagic lesions of the CC are readily visible on both CT and MR.
Neoplasia.-MR contrast agents were not administered, so differentiation between true neoplastic involvement of the CC and tumorogenic edema tracking across the CC was not possible in our patients. In an investigation of cerebral edema, Cowley [9] concluded that "the CC is refractory to transmission of edema from a remote lesion ," and he confirmed that it is unusual to see a bilateral pattern of hemispheric edema unless the lesion involves the CC primarily. The patient shown in Figure 6 demonstrates direct involvement of the CC with tumor so that edema is present in both hemispheres, most marked in the right hemisphere. A, T1-weighted, 10-mm-thick axial IR image, 2300/600/40, shows abnormal low-intensity signal of genu (arrows).
8 and C, T2-weighted, 10-mm-thick axial (8) and coronal (C) SE images, 2300/80, reveal high signal intensity, manifesting edema, involving corpus callosum (arrows) . Multiple areas of abnormal signal are identified throughout hemispheres bilaterally.
D, T1-weighted, 10-mm-thick axial IR scan, 2300/500/40, 2 months later shows normal signal intensity of genu.
c Congenital abnormalities.-Dysgenesis of the CC has been extensively documented in the literature, and an excellent review is available [10] . MR of dysgeneSiS has been reported [11] . Sagittal MR imaging is superior for demonstrating associated characteristics of complete agenesis, including absence of the cingulate gyrus and medial cortical sulci radiating to the diencephalon . One-third of intracranial lipomas occur in the region of the CC [10] . Demonstration of intracranial lipomas by MR has been documented [12] . The single lipoma encountered in our series was well seen on CT, but intact callosal fibers below the lipoma were not appreciated without coronal MR.
Vascular /esions .-Infarcts involving the CC are uncommon [13] . The multi planar capability of MR has permitted improved differentiation between infarct and mass when the clinical picture is not clear. In our patient with callosal hemorrhage as a result of aneurysm rupture, CT was sufficient to diagnose the acute hemorrhage, but MR more readily displayed the CC atrophy in the convalescent period (Fig. 10) . The neurologic abnormalities of this case have been described in detail [14] .
Demyelinating lesions . -Only three of 156 MS patients evaluated by MR to date at our institution had involvement of the CC. This corresponds to a frequency of less than 2%.
D
This finding is similar to that reported by Stewart et al. [15] , and at variance with the report of Simon et al. [16] . We included only abnormalities of signal and of gross CC configuration. Measurements to detect mild atrophic changes were not made, which may explain some of our discrepancies with Simon et al. [17] .
Inflammatory conditions.-Of the 11 patients with encephalitis evaluated by MR , only one had involvement of the CC . MR revealed the lesions better at initial presentation than enhanced CT did, and provided a more sensitive means of monitoring during the resolution of the illness.
In conclusion , evaluation of the corpus callosum has been improved by the application of MR . Study of the CC and its variations in healthy volunteers provides new information pertaining to the organization of the normal brain . In disease states, MR often provides more complete characterization of the nature of a lesion and more clearly reveals the anatomic relationships to adjacent structures.
